effluents from aquaculture operations on the surrounding environment.
Effluents, although studied and monitored for decades in some states, are receiving renewed attention. In the time since aquaculture's expansion in the United States, no national effluent standards have been instituted, although many states have developed their own.
"A couple of years ago, two events came together that made this a federal issue, so to speak," says Craig Tucker, a fishery biologist and director of the Southern Regional Aquaculture Center, in Stoneville, Mississippi. First, in the early 1990s the National Resources Defense Council (NRDC) entered into a lawsuit against the Environmental Protection Agency, stating that the agency was not fulfilling its obligations with respect to the Clean Water Act. As one result of that action, EPA was required to develop national effluent guidelines for new industries. Second, in 1997 Environmental Defense published the report Murky Waters: Environmental Effects of Aquaculture in the United States, which included the recommendation that EPA "implement the Clean Water Act for aquaculture by developing effluent limitations."
In response to the Environmental Defense recommendation and as part of the NRDC consent decree, EPA announced in January 2000 that it was starting the rule-making process for nationally applicable standards for water discharged from land-and coastal-based aquaculture facilities. Draft guidelines are scheduled to be published by 20 June 2002, with final rulings due 2 years later. Researchers who have been studying how aquaculture affects the environment are now being called on to advise EPA's process.
can the seafood counter at your local grocery store, and you're likely to see rows of pink-fleshed salmon filets, cuts of meaty catfish, and maybe even some exotic species like tilapia. You might think the fish come from the toil of the commercial fisherman, but it's just as likely that many were farmed in cages, ponds, or even irrigation ditches.
An aerial view of some of the 140,000 acres of US farm-raised catfish ponds. Photo:
The Catfish Institute.
Where catfish is king
One of these advisors is Tucker, who has been studying land-based catfish farms for the last 20 years. Tucker's group and Claude Boyd, from Auburn University, have studied the concentrations of potential pollutants in effluents from catfish ponds in Mississippi and Alabama, respectively. The effluent constituents of greatest concern are suspended solids, organic matter, phosphorus, and nitrogen. Catfish farming is the largest aquaculture venture in the United States, with nearly 600 million pounds of fish processed last year. This accounts for about half of all the country's aquaculture production. The catfish farms that dot the American Southeast and Midwest are contained in ponds, raceways, or tanks, so fish wastes and uneaten food are not released directly into nearby streams. Two intrinsic features minimize the impact of pond discharges on the environment: natural "waste treatment" processes within the ponds and the relatively low volume of water discharged at any one time.
Initially, catfish ponds are pumped up with fresh water and filled with fish. Then, over a 5-10 year period, the largest fish are harvested selectively with a seine that excludes smaller fish. Water stays in the pond year after year and is used for multiple catfish crops for an average of 7 years. Over that time, physical, chemical, and microbial processes break down wastes so that about 92 percent of the nitrogen and 97 percent of the phosphorus is processed within the pond.
"The work that we've done in Mississippi and Boyd's work in Alabama all indicate that, given the quality of the streams around here, which is not bad, there's no impact," Tucker reports.
The lack of impact, he says, is linked to the small amount of water discharged at one time, rather than the concentration of nutrients in the water. Low discharge levels are in turn linked to economics: The less water discharged, the less farmers need to pump in."For years we were pushing water conservation from an economic end," Tucker says. "Now that the effluent issue has come up at the federal and state level, conservation measures are more easily argued from an environmental point of view."
Setting standards in the Pacific Northwest
After catfish, salmon grown in net pens in coastal bays in Maine and Washington are the next largest finfish aquaculture ventures. The estuaries of British Columbia and the Bay of Fundy in Canada are also home to many salmon-growing operations.
For the past 15 years, Jack Rensel, a fishery researcher in Washington state who runs his own consulting firm, has been monitoring the quality of the environment around and under fish farms in Puget Sound, using protocols set by the state's Department of Ecology. Rensel has seen many changes in the state's salmon industry since its early days in 1970-long before the Atlantic salmon culture boom of the 1990s in Maine, Canada, Chile, and Norway.
As in any finfish operation, there are two potential sources of organic enrichment of the surrounding natural environment: fecal matter and waste food not eaten by the fish. Both are high in carbon and may enrich the carbon input over natural levels. The question then is: Can sediment and receiving waters and their inhabitants assimilate the wastes? For salmon net pens, which are open to the surrounding environment, the answer is directly related to the location of salmon cages and the level of fish production at a given site. By comparison, such closed systems as catfish ponds have minimal exchange with the surrounding environment.
Over the last decade and a half of sampling, Rensel has found a pattern in the impact of nutrients and fish wastes on benthic organisms. Away from the pens toward open waters, researchers see a gradient in the distribution and type of bottom-dwelling organisms that varies according to the depth and velocity of natural currents.
The gradient usually follows the Pearson-Rosenberg model of the relationship between organic inputs and the distribution of benthic invertebrates: Moving away from an organic input in marine or fresh waters, the first area is a zone devoid of animals, if the input is very heavy. This is followed by a zone of opportunistic species but low diversity. Next comes a transition zone where there might be a "halo" of increased species diversity, biomass, and abundance. Finally, there is a return to reference conditions.
At some sites, organic inputs from fish pens do not have an impact on the sea bottom because of the flushing action of strong local currents. Thus, Rensel The Catfish Institute.
says, over the years fish farming operations have shifted from easily accessed backwater sites to sites in deeper, swifter, but more difficult to reach, waters. During the 1980s and early 1990s, Donald Weston, formerly of the University of Washington and now at the University of California-Berkeley, showed that the worst impact of salmon farming was a measurable effect of organic inputs on the benthos to about 150 meters away from net pens. Now, 15 years later, Rensel finds no adverse effect farther than 30 meters away at the sites he monitors. The consistency of this finding over the past 10 years, combined with the results of other research by state biologists, has led Washington to adopt 30 meters as the standard distance beyond which benthic impacts are not allowed. "Washington state is one of the few places that has defined benthic impact standards for mariculture and other industries, thanks in part to the insistence of the fish growers that standards should be set and also the dedicated work of the Washington Department of Ecology staff," Rensel says.
Washington fish farmers are required to keep the total organic carbon in the sediments surrounding cages within a certain level, which is indexed to sediment grain size. If this standard is exceeded, the farmer is required to sample the benthic animals, a much more expensive and time-consuming affair. If any one of three major taxa-molluscs, polychaete worms, or crustacea-is reduced by more than 50 percent compared to numbers at remote reference stations, the farmer is required to come up with a plan to correct the problem. "At this point, the easiest thing to do is just reduce biomass by harvesting fish and not replacing them," Rensel says. The Department of Ecology is still refining its rules for estimating the impact of organic inputs on benthic animals, with species diversity being considered as an additional standard to species abundance.
"Properly sited and operated net pens need not damage the environment," Rensel says. "Hydrographic conditions such as adequate current velocity, depth, and ambient nutrient conditions must be considered in siting." But, he notes, "aesthetic impacts are also a highly important consideration in the Pacific Northwest."
The view from the Atlantic
On the Atlantic coast, in Maine, researchers are conducting similar environmental studies on Atlantic salmon net pen operations. About 5 years ago, Les Watling, a benthic ecologist from the University of Maine's Darling Marine Center, and Robert Findlay, now at Miami University in Ohio, completed a study of marine bottom-dwelling communities at a salmon farm in Toothacher Cove, Maine. Directly beneath pens, benthic communities of microbes and larger animals were shifted toward those species most commonly associated with organically enriched sediment. They had a community structure similar to that described by Pearson and Rosenberg as "peak of opportunists." But that's not the end of the story, according to Watling. "The whole place was a curious site," he recalls. Small summer storms and their associated swells kicked up sediment in the mostly sandy, gravelly cove where the pens were situated. In August, when the storms were at their peak, they stirred up organic matter from waste food near the pens and spread it throughout the cove, stimulating benthic production. Even so, benthic organisms were found to be most numerous near the pens and in fact were more numerous than at the reference site in the cove. This result is different from what others have found with salmon net pens and does not follow the typical Pearson-Rosenberg relationship that Rensel describes for Puget Sound.
From this observation and other studies, Findlay and Watling came up with a model to predict the impact of nutrient input from salmon net pens based on the balance between oxygen supply and demand for bottom-dwelling animals. Fundamentally, the model says that if bottom water current velocities are high enough and fish biomass is low enough, salmon aquaculture and rich benthic species diversity can potentially coexist, similar to what Rensel concluded about net pen siting in Puget Sound. The 3-year-old model is being tested in the Great Lakes for siting trout farms but has not yet been applied by Maine fisheries management officials. and Barry Hargrave, a benthic ecologist at the Bedford Institute of Oceanography, in Dartmouth, Nova Scotia, are working to improve the cost-effectiveness of monitoring the organic enrichment of sediment resulting from salmon culture.
Sampling the Bay of Fundy
The researchers took core samples from an area underneath recently abandoned cages and at a nearby control site and identified and counted benthic animals and analyzed sediment geochemistry in each sample. Pohle and his colleagues found significant differences between net pen and natural sites, based on both sediment geochemistry as measured by sulfate reduction (a typical chemical reaction in anoxic sediments) and on the abundance of certain bottom-dwelling organisms. They found hot spots of organic enrichment directly under the cages, with evidence of impacts gradually decreasing and background levels returning at about 50 meters from the cages. They also showed that some areas are more affected than others, depending to a large extent on whether the environment is erosional or depositional. Much as in Puget Sound and Maine, the pattern and extent of the effect of enrichment is determined primarily by local currents and the amount of fish at a given site.
Both the geochemical and biological methods enable researchers to categorize the sediment as anoxic, hypoxic, or oxic, but the geochemical method is more cost effective because it takes much more laboratory time to sieve the sediments and identify and enumerate the benthic animals than to perform the chemical analyses on the sediments.
Pohle also recently completed a 5-year study of the benthic organisms in and around salmon net pens at Letang Inlet, in the Bay of Fundy, home to one of the densest salmon operations on the Atlantic coast. His team used statistical analyses to compare the number and diversity of benthic species at three sites between 1994 and 1999. At Lime Kiln Bay, an area of intense aquaculture since the 1980s, the team detected a significant decline in benthic biodiversity with a corresponding increase in organic carbon enrichment from 1994 to 1995. This regional impact persisted until 1999, despite the cessation of aquaculture operations in 1998 due to a viral disease outbreak. At Bliss Harbour, where aquaculture operations began more recently, enrichment was elevated at the onset of the study and biodiversity was equivalent to levels at Lime Kiln Bay. By contrast, at the Deadman's Harbour reference site, which had no aquaculture during the study period, carbon levels decreased significantly by the end of the study, while species diversity increased. From 1995 to 1999, Pohle also studied recovery at a heavily affected depositional site in operation for about 15 years. Within a year after relocation of the cages, some positive change occurred in benthic community structure, but recovery stagnated thereafter and benthic biodiversity never returned to reference levels.
An integrated approach
Some aquaculture operations are hoping to get around the question of effluents by integrating seemingly strange farming bedfellows. Because of a limited water supply in the Southwest, farmers are constantly looking for more efficient ways to use what reserves they have.
One innovative approach that addresses both the effluent and water issues involves integrating the culture of tilapia, a small freshwater fish native to Africa, and catfish with land-based crop irrigation. Typically, water flows to farms in concrete-lined irrigation ditches or is pumped from the ground. "It's an ideal place to grow fish and then put that effluent out into the field crop," explains Kevin Fitzsimmons, an associate research scientist with the Environmental Research Laboratory at the University of Arizona, in Tucson. Crops typically grown in these integrated systems include vegetables, wheat, barley, sorghum, date palms, mesquite, cotton, and citrus and olive trees.
In experiments at the University of Arizona demonstration farm, Fitzsimmons found that fish wastewater, which has elevated levels of nitrogen and phosphorus, contributed only a small amount to the crops' fertilizer needs: 10 percent typically and 20 percent at the most. "The advantage is that we're adding a small amount of fertilizer all of the time," Fitzsimmons says. Plants are more efficient at taking up nutrients from water if nutrients are supplied at a low, constant level rather than in large pulsed doses. The real cost savings to farmers is in using precious desert water supplies for two purposes.
Tilapia have been added to irrigation canals in southern California and Arizona since the 1960s, but as inexpensive weed controllers, not as food fish."A lot of those fish had an off flavor because they were getting into blue-green algae growing on the side of the canals," Fitzsimmons recalls. So his group started to experiment in irrigation ditches and tanks or cages in the ditches in which they could keep the tilapia from eating the algae. "When you do that, they taste great," he says.
Consumer demand for tilapia has gone from virtually zero in the mid1980s to an all-time high of 120 million pounds consumed in the United States in 1999. Creative names are sometimes used to market these fish, including St. Peter's Fish, Cherry Snapper, or Freshwater Jamaican Snapper.
The state of Arizona does not have specific regulations for aquaculture effluents as yet-just standards for point and nonpoint sources of pollution. What they do have, as do other states, is "best management practices" for handling effluents. In Arizona and a few other places, using effluent as field irrigation is a best management practice.
The effects on the environment from finfish and other aquaculture ventures is clearly a complex affair. Developing nationwide standards for the industry will need to address many types of operations: closed or open systems, integrated or monoculture systems, and ponds or pens, among others. On top of that, add the interaction of such local environmental conditions as current, rainfall, and storm patterns with fish biomass levels. Studies that take these factors into account will undoubtedly help guide the development of EPA standards and keep aquaculture as harmonious with nature as possible.
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